Introduction
The WK-recursive network, which was proposed in [1] , has two structural advantages: scalability and constant degree. We use K(d, t) to denote a WK-recursive network of level t, each of whose basic modules is a d-vertex complete graph, where d > 1 and t ≥ 1. Recently, much research has been devoted to the WK-recursive networks. For example, in [2] 
, Fu proved that K(d, t) is
Hamiltonian-connected where d ≥ 4. In [3] , Fang et al. showed that the WK-recursive network is strictly 3 × 2 t-1 -edge-pancyclic for k ≥ 7 and t ≥ 1. The one-to-many node-disjoint path problem is a fundamental problem in distributed computing systems. It's described as follows: given a source node s and a set of distinct destination nodes T = {t 1 , t 2 , …, t m } where s ∉ T and m ≥ 1, the m node disjoint path problem is to determine whether there exist m node disjoint paths between s and T, where each path connects the source node s with one of the destination node t j ∈ T(1 ≤ j ≤ m) [4] . Some examples of the one-to-many disjoint paths can be found in [5, 6, 7] .
It is important for an interconnection network to efficiently route data among nodes. The node disjoint paths can be used to increase the transmission rate and enhance the transmission reliability [6, 7] . The one-to-many node disjoint path problem in WK-recursive networks has been considered by researchers. In [8] , Bakhshi et al. developed an algorithm that presents d−1 node disjoint paths from an arbitrary node in K(d, t) to d−1 distinct target nodes. However, the union of all the disjoint paths does not cover all the vertices of K (d, t) . In this paper, we prove the one-to-many node-disjoint path cover problem under certain restrictions. We prove that given any node μ and a set of distinct destination nodes T = {t j |1 ≤ j ≤ d−1} where t j ∉ O I , and μ, t j are not in the same subgraph, there exist d−1 node-disjoint paths between μ and T whose union covers all the vertices of K(d, t) where d≥4 and t≥1.
The rest of this paper is organized as follows. In Section 2, we formally define the WK-recursive network K(d, t) and present some basic properties of it. In Section 3, we give the proofs of our main results. In the end, we summarize the paper in Section 4. A path ⟨v 1 , v 2 , …, v k ⟩ is an ordered list of distinct vertices such that v i and v i+1 are adjacent for 1 ≤ i ≤ k − 1. A path from node x to node y is abbreviated as an x − y path. An x − x path, which has length 0, degenerates to a node x. We define a path ⟨x, x⟩ to be a virtual path in this paper. Let P be a node set, the Algorithm First(P) is to retrieve the first element of P and it will also remove the first element from P. Let S and T be two path sets, the operation S + T is a set can be obtained as followings: union S and T to get a new set, and in this new set, if path s and t (s ∈ S and t ∈ T) have one same end node, then s and t are delete from this set, and s+t (s will be connected to t as a new path s+t) are added into this set.
One-to-Many Node Disjoint Path Covers of K(d, t)
In this section, we study our main results Theorem 9. In order to prove the results, we first present Lemmas 1-7. Lemma 1. (See [2] . between μ and ν in G. The algorithm HP(G, μ, ν) for the lemma is omitted here. 
) The WK-recursive network is Hamiltonian-connected where d ≥ 4 and t ≥ 1, and the algorithm for the lemma is HamPath(K(d, t), μ, ν).

Lemma 2. Given K(d, t) and its d subgraphs
K i (d, t − 1), where t ≥ 2, d ≥ 4 and 1 ≤ i ≤ d, let G = K w1 (d, t−1)∪K w2 (d, t−1)∪…∪K wm (d, t−1)
Proof. By the definition of
K(d, t), K w1 (d, t − 1) ≌ K w2 (d, t − 1) ≌…≌K wm (d, t − 1), W.L.O.G., let μ be in K w1 (d, t(P A,X ) ∪ V (P B,Y ) = V (K(d, t)) where {X, Y } = {(c) t , (e) t }.
Lemma 4. Let O = {o (i,0) |1 ≤ i ≤ d} be the open vertex set of K(d, 1) where d ≥ 4, S r = {s i |1 ≤ i ≤ r} ⊂ V (K(d, 1)) with 2 ≤ r ≤ d − 1 be the set of source nodes and T r = {t i |1 ≤ i ≤ r} ⊂ O be the set of destination nodes where S r ≠ T r . Then there exist r node disjoint paths between S and T whose union covers all the vertices of K(d, 1).
Proof. Since S r ≠ T r , we can find two nodes x ∈ S r and y ∈ T r where x ≠ y. Since K(d, 1) is a complete graph, we can construct r − 1 node disjoint paths between S r − {x} and T r − {y}. Again, we can construct one path between x and y which covers all the vertices of V (K(d, 1) Proof. We can use the mathematical induction on t to prove this lemma. Due to the page limitation, we omit the proof. We propose an algorithm OneToMany (K(d, t) K(d, t) . In this paper, we prove the one-to-many node-disjoint path cover problem under certain restrictions. We prove that given any node μ and a set of distinct destination nodes T = {t j |1 ≤ j ≤ d−1} where t j ∉ O I , and μ, t j are not in the same subgraph, there exist d − 1 node-disjoint paths between μ and T whose union covers all the vertices of K(d, t) where d ≥ 4 and t ≥ 1.
